on experimental researches, the mind is confused in attempting to separate truth from error. If high authorities be permitted to exercise an undue influence, the inquiry is at once arrested or perverted from its legitimate course, or, if the mind yield an assent to apparently commanding results, without passing them through the ordeal of severe analysis, every progressive step is one of vacillation and doubt. The same degree of talent, acuteness, and experimental fact is adduced in support of these various doctrines, and hence the perplexity in endeavouring to assign to each its just share of truth.
The decision will not be materially facilitated by the institution of new, nor the repetition of old experiments. These are not defective from a want of ingenuity or skill either in the conception or the execution. Several of the most important are objectionable, the principles on which they are conducted being incapable of furnishing correct views ; or they have not been studied with sufficient attention in respect of the changes produced by them in the condition and relation of the vital powers; and hence the results to which they have led, have been false, partial, or of questionable utility, as data to direct and enlighten the inquiry. The attainment of truth on this subject is opposed by obstacles and difficulties which are by no means easy to surmount. To ascertain the force of any propulsive power, exerted under ordinary circumstances, and in co-operation with other powers, the individual and conjoint influence of which is exceedingly liable to be aggravated or destroyed by our direct interference, is a task which can scarcely be undertaken with the hope of perfect success.
The calculations, however elaborate, can only be an approximation to the truth. Let the mind for a moment consider the object of the inquiry, viz. to determine, by experiment, the force or impulse of the heart exerted on the motion of the blood, and let it also take a dispassionate survey of the intricacies and perplexities of the question. The nature of the soil proposed to be turned up ought to be well understood. An important distinction has been lost sight of in the prosecution of this subject. The force of the heart, imagined to be established by experiment, has been regarded as identical with that in operation in the natural or undisturbed conditions of the powers of life. These, however, are two questions exceedingly dissimilar, and by no means presenting the same difficulties of investigation. If it be admitted with physiologists generally, that circulation is maintained by the heart, the elasticity of the vessels, the contractility of the capillaries, the changes in the capacity of the chest, or the two acts of respiration, it may be shown, that, in endeavouring to measure by means of experiments, which mutilate the parts examined, the influence of any one, but especially that of the heart, the powers of the whole, and their relation to each other, may be seriously deranged. 1. One source of fallacy may be the following:?In preparing to lay bare important blood-vessels, the mental suffering and agitations of the animal greatly excite the action of the heart, give it, indeed, a degree of energy and force which it does not ordinarily exercise. Whatever may be the result obtained under such circumstances, it is manifest that it is an exaggerated estimate. The amount of the impulse usually co-operating still remains to be discovered ; and will long be one of the mysteries of nature. We may then establish this general theorem, that the total static force which moves the blood in an artery is exactly in the direct ratio of the area presented by the circle of that artery, or in the direct ratio of the square of its diameter, whatever be the space which it occupies.
" As an application of these principles, let us examine, for example, the force with which the heart propels the blood in the aorta of man, and in some other arteries, for instance, the radial. nished by the researches of this physiologist with respect to the propulsive powers of the heart ? The extent of these powers, in the undisturbed conditions of the system, is still a problem, the solution of which awaits further and more successful inquirers.
The experiments will be admitted as presenting data for calculating the extreme force which the heart is capable of exerting, but throwing no light whatever on the degree of its influence in the ordinary conditions of the vital energies. Let not the two questions be confounded. The one, as we have already remarked, is comparatively simple, the other is complex and one of the difficulties of science, and will perhaps remain one of the mysteries of nature.
The experiments of Poiseuille furnish abundant evidence of the serious derangement produced in all the important functions of the system. In its unexcited state, the two acts of breathing, inspiration, and expiration, are so softly performed, that they can scarcely be regarded as affecting at all the motion of blood either in the arteries or veins; nor do they, in our opinion, to an extent worthy of appreciation. In the 11th experiment, made upon the horse, at one moment, a, the column of mercury was not at all affected by inspiration ; but in the corresponding expiration it rose to 180 millim.; at 6, the column during inspiration rose to 85 millim.; but in the corresponding expiration, it was 95 millim.; at c, it was 85 during inspiration, and 95 during expiration ; at d, during inspiration, it was 60 millim., and during expiration, 120 millim. ; at e, it was 35 during inspiration ; and 145 millim. in the subsequent expiration ; at f \ during inspiration, it was 5 millim.; and during the following expiration, 175 millim.; at g, the column of mercury was not at all affected by inspiration, but in the subsequent expiration, it rose to 180 millim. Such, then, are the irregularities in the function of respiration, produced by the experimental researches of the physiologist, and consequently to the same extent in the circulatory powers, the force of which, in the undisturbed conditions of the system, it is the object of these experiments to determine.
But if the column of mercury were equally affected by the two acts, inspiration and expiration, this would be no evidence of the natural state of respiration. When the breathing is very much quickened by the pain or suffering of an animal, the two acts are usually equally excited, so that the irregularities in the pressure ndicated by the instrument may be much less than in the instances just pointed out, and yet the circulation may be disordered to the greatest possible degree. Poiseuille, from observing the difference in the height of the column, during inspiration and expiration, states, that the force with which the blood is moved in the arteries is diminished during the former act, and augmented during the latter.
This will be admitted to be the case in his experiments, and whenever the respiration is excited ; but we doubt the fact in the ordinary and undisturbed states of breathing. The evidence adduced by Haller, Lamure, Lorry, Magendie, Barry, and Poiseuille, clearly establishes the influence of expiration on the current of arterial blood, but only when its action is extreme, and the circulation otherwise unfavourably circumstanced for the due performance of its function. The effect of an ordinary expiration on the course of the arterial fluid is in no degree elucidated by the labours of these distinguished physiologists. "We infer that the influence of the motions of respiration upon the circulation of the blood is increased in the large as well as in the small arteries when violent respiratory efforts succeed ordinary efforts. But this influence, particularly in the large arteries, is such, that, in inspirations, the force which moves the blood is very nearly equivalent to nothing, if it be not really nothing; and in compensation in corresponding expirations, this force becomes almost twice as great as in the natural state.1' The circulation is not thus circumstanced in the ordinary conditions of the system. In the experiments of Poiseuille, the arteries are full to distension, and in those in which the hsemadynamometer is fixed, the blood, as previously remarked, has no means of escape,, and, consequently, the influence of the heart and that of respiration, will be represented by the instrument in its most aggravated form.
The effect produced upon it by either power is no indication whatever of the manner in which it is affected in a natural state of things, nor can any just inference be drawn from such an experiment of the motion of the arterial blood during either act of respiration. We do not believe that it is either accelerated or retarded by expiration or inspiration in the unexcited condition of the vital powers. Expiration, when violent, affects the contents of the arteries, simply from the contraction of the abdominal and thoracic parietes. In inspiration, the fluid may at times appear to be at rest, merely from the suspension of such contraction, and not from any suction power which it is capable of exerting. Poiseuille remarks that the influence of inspiration and expiration is the same on arteries differently situated with respect to the heart, when these acts are in their ordinary condition. 1. That the prevailing defect in the experimental researches of physiologists concerning the powers which move the blood, is the perfect indifference with which they have regarded the natural conditions of these powers and their important relations to each other. In their experiments to ascertain the force of the heart, the influence of the arteries or the effect of respiration, they appear insensible of the amount of derangement produced by their direct interference, in the character and relation of the objects investigated. In no instance is the amount of this derangement examined, or even alluded to as worthy of consideration. The same inattention will be obvious in the analysis of experiments instituted to determine the functions of the capillaries and veins, which will next be brought under view.
2. In the preceding pages we have dwelt at considerable length on the celebrated experiment of Magendie. The 
